THE subject of this paper is the causation of herpes zoster and the reason of the special manifestations in and about the eye when the first division of the fifth nerve is affected. No The analogy (not identity) with herpes cornea is obvious in that the latter has two phases, dermatotropic and neurotropic. The analogy further extends to this, that there is to some extent an interchangeability between the two strains of herpes corneae, though the encephalitic variety becomes more specialized and less transmutable than the dermatotropic. Here the analogy ceases, for both phases in herpes cornem are local in position, inasmuch as the general nerve symptoms in the encephalitic variety, being due to the localization in the brain, are not general in the sense that varicella is general.
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The pathology of herpes zoster has been well investigated by Head and Campbell L2]. They showed that the main seat of inflammation was in the posterior root ganglion, and that it spread up and down the nerve to a slight extent. Degeneration sometimes spread up into the posterior column of the cord, and down the sensory NOV.-OPHTHAL. 1 2 nerve and its branches, to their entry into the cutis. The signs of inflammation in the posterior-root ganglion did not involve the whole of it. In Cases 20 and 21 (loc. cit.) no lesions of the ganglia and nerves were found eight months after the attack.
The effect of a severe attack of herpes ophthalmicus upon the eye was very fully dealt with by J. Meller in 1920 [3] . The eye was severely affected with iritis and hypopyon, and it was finally excised. The iris was in part Decrosed below, and the adjoining portions of the ciliary body and sclerotic were involved. In the uvea near to this, in front of the ora serrata, was a snWall nodule. The retina was unaffected except by infiltration of a few mononuclear cells. The optic papilla was slightly cedematous with a few round cells in it. The optic nerve showed destruction and fibrillation of the medullary sheaths of the nerve-fibres. The ciliary nerves showed marked changes. They were surrounded by a sheath of mononuclear cells, the endoneurium also having many of these. The medullary sheaths did not stain. On the other hand, the ciliary vessels were not affected. While the ciliary nerves supplying the lower half of the eye were much inflamed, those of the upper half were nearly normal. The general picture is that of a very severe but localized affection of the iris and adjoining structures; in the necrosis of part of the iris a resemblance to the sloughs which form in the skin is obvious.
The explanation that the skin eruption in herpes zoster is due to an alteration in the trophic impulses from the affected posterior root ganglion or spinal cord is still generally held; it is here suggested that this theory is quite inadequate to explain the groups of vesicles in the skin or the various manifestations in and about the eye.
Levaditi [4] has a variant of the trophic impulse theory. He believes that there is a normal "tonus immunotrophique" in each spinal segment which prevents infection; the lowering of this enables the organism to establish itself in the segment and that part of the body supplied by it.
Head and Campbell (loc. cit. p. 395) reject the production of the rash by the disturbance of special trophic nerves, but suggest that it is caused "by an intense irritation of the cells in the ganglion which normally subserve the function of pain, and more particularly that form of pain produced by afferent visceral impulses."
It being granted that, normally, influences pass down the nerve-fibres which have for their object the maintenance of the tissues in a healthy condition, let the possible variations of these stimuli be considered. Their complete absence is given when a nerve containing sensory fibres is divided: the resultant atrophic changes are considered as being due to the absence of these trophic impulses. It is obvious that herpes zoster is not due to this absence. Can it be explained by an increase in the normal impulses, or does the inflamed ganglion produce an abnormal form of impulse resulting in herpes zoster ?
If the rash were due to increased activity in the posterior root ganglion, causing an increase in the normal trophic impulses, it would be expected to produce a more uniform effect on the skin than actually happens. For the lesions in the ganglion are usually diffuse where found, not limited to minute areas such as might correspond to the individual vesicles.
Ruling out an increase in normal impulses, let the possibility of an abnormal impulse be considered.
Taking a case of herpes zoster sufficiently severe to cause vesicles to appear in all parts of the skin area corresponding to the ganglion affected, it will frequently be found that the skin is not even red in the areas between the individual vesicles. Thus a selectivity is shown, so that the groups of vesicles are separated from one another and within the group the individual vesicles do not always coalesce. It is fair to conclude that the vesicles are caused by the exciting organism itself, acting either from a distance by nerve impulses, by the transmission of toxins along the nerves, or by the actual passage of the organism. Toxins may be excluded; a substance of molecular or colloid dimensions would be distributed in a much more even manner than is the skin eruption in herpes zoster. The fundamental objection to the skin eruption being caused by nerve impulses is that the eruption is essentially the same as in varicella, so far as the individual vesicles are concerned. The assumption that the posterior ganglion phase can call up the skin in the area of the ganglion, inducing it to act as if varicella were present in the skin, is unsupported by experimental proof or by analogy from any other disease processes. If there were other diseases one phase of which could call up a resemblance to the clinical symptoms of the other phase, and in which it had been definitely proved that this initiation was due to nerve impulses, then the argument by analogy would be admissible. But this is not so; it remains an improbable assumption.
The simplest explanation of any phenomenon, consistent with the known facts, should be accepted. If the theory does not account for all the facts, it may be temporarily accepted and used as a basis for investigation, the inconsistent facts being always borne in mind.
It may be regarded as proved by pathology that the herpes-zoster phase has a special affinity for the posterior root ganglia and that one of these is its primary seat, Let it now be assumed that normally it spreads thence along the sensory nerves to the tissues supplied by them, and that, on reaching fibrous tissue covered by cells of ectodermal origin, the organism reverts to the varicella phase. Let it also be assumed that in some cases the organism may spread locally from the posterior ganglion, thus reaching adjoining structures. Now apply these assumptions to the case of herpes ophthalmicus; the effects of this in and about the eye are so numerous that they form the best clinical test of any theory of causation of this disease. The skin eruption is explained by the reversion of the posterior ganglion phase to varicella on reaching the cutis, which is covered by epithelium. The Haltenhoff in 1893 [7] described a case in which there was retinal venous thrombosis in an affected eye, with later slight optic atrophy. He discusses whether this may be due to sepsis spreading from the skin eruption to the veins of the orbit; it cannot be considered as a primary affection of the retina, since the thrombosis was in the nerve head. He refers to a similar case reported by Oscar Wyss [8] . The time-factor may now be considered. The usual sequence is that pain occurs three or four days before the rash appears; the interval represents the growth of the organism along the nerves. More difficult to explain is the late occurrence of keratitis, iritis, and cyclitis, which is so frequent that we are accustomed to speak very guardedly in the first two weeks or so as to the escape of these structures. It may be that there are anatomical reasons for the delay, or in this renewed attack of the organism there may be a resemblance to the successive crops of vesicles which are so characteristic of varicella.
Let the lesions other than those of the skin and globe be now considered. Take a rare complication of herpes ophthalmicus, affection of the optic nerve with complete and permanent blindness. There is no anatomical or developmental connexion between the optic nerve and the Gasserian ganglion, but they are 2 to 3 mm. from each other. Such a case is most simply explained by local spread to the optic nerve. A similar reasoning will apply to paralyses or pareses of the third, fourth and sixth nerves, which are still closer to the Gasserian ganglion, without invoking the fact that it is the posterior root ganglion for these nerves.
One special feature of herpes zoster, especially in the first division of the fifth nerve, is its erratic distribution and intensity. A marked example of this was a case in which, with only one group of vesicles, on the outer half of the eyebrow and adjoining skin, acute glaucoma co-existed. If a nerve is thought of as branching like a tree, along which an organism is propagating and spreading, it will be recognized that it is at least inherently probable that it will not spread along all branches equally, and will miss some completely, especially if it happens that the organism is either small in quantity or of feeble growth. This affords an explanation of the great variation in the symptoms of herpes zoster.
It has been suggested that it is quite possible that the variation which results in varicella or herpes zoster may reside in the skin and posterior ganglia, the virus being constant, not two-phased. Variation in the causal organism has been proved in various diseases, e.g. the varying strains of pneumococci and streptococci and, as more apposite to the present case, the dermatotropic and neurotropic varieties of herpes cornec. So that the assumption of a two-phased virus is correlated to our present knowledge. But the clinical picture is not completely accounted for by the assumption of a one-phase organism, for herpes zoster occasionally breeds true. Epidemics arise unaccompanied by varicella; if the same virus gave rise to both, this would be a most improbable occurrence. It is common to both assumptions that the skin is not immune to varicella, for in both the one and two phase theory it is assumed that the herpes zoster rash is varicella. If it be assumed on the one-phase theory that, whatever its port of entrance into the body, the virus enters the blood and so reaches the skin and ganglia; then, because of the greater bulk of the skin as compared with all posterior root ganglia taken together, the chance of any person having herpes zoster without varicella becomes very remote, the possibility of an epidemic of herpes zoster without varicella much more unlikely. The picture of a posterior root ganglion successfully competing with the skin for the possession of the whole of the virus present, and the skin being so easily induced to receive the virus shortly afterwards is difficult to imagine. It involves an inconsistency which is avoided by the two-phase theory. The conception of a two-phase virus, each easily transmutable to the other, will account in a simple manner for the epidemics of herpes zoster and varicella, each breeding true, for the interchange which occurs fairly often, and for the occasional occurrence of both in the same individual.
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So far only herpes zoster which exists as an entity and is related to varicella has has been dealt with, an important consideration is that it may occur in other diseases and in poisoning from various causes. Levaditi [4, p. 32] suggests that these are really cases of ordinary herpes zoster, occurring because the lowered resistance of the nervous system allows the organism to take up its abode. But there is the possible alternative that more than one organism can behave like that which causes ordinary herpes zoster. The matter cannot be determined, but some cases have occurred in series, suggesting infection.
That the virus of rabies spreads along the nerves centripetally to the central nervous system has been proved. Similarly the toxin of tetanus reaches the central nervous system along the nerves. But it has not been proved that a virus can travel centrifugally, as has been assumed in the present paper. There are two forces which would act against it. Of these the electric currents which occur when sensory impulses pass along the nerves are so weak that they can scarcely be regarded as having a lethal or paralysiDg effect on an organism. The lymph stream would be a more potent and stable factor, but this must be excessively small.
The final test of this theory must be experimental, but there are great difficulties in the way. Initially a susceptible animal must be found. Of course, the material from a herpetic vesicle or the underlying skin must be used; but, if the theory is correct, the vesical is a reversion to the dermatotropic phase. In that case there might be a great difficulty in inducing the organism to return to the neurotropic phase, though obviously the contents of the herpetic vesicle would be more likely to succeed than those of a varicella vesicle because of their recent derivation from the posterior ganglion phase. Lastly, the inoculation must succeed both in the posterior ganglion and the nerve trunk before the theory could be regarded as proved.
Should the suggestion given in this paper be correct, it would explain many of the failures in experimental work on herpes zoster. No inoculation on the corneve, for instance, would be likely to succeed. The work would have to be founded on Nature's method of producing this disease; even so, failures would be frequent because of the difficulty in getting the dermatotropic phase to revert to the neurotropic phase. And any work which results in encephalitis without herpes zoster must be excluded.
In conclusion, the thesis of this paper is that the virus causing varicella and herpes zoster has two phases, easily transmutable. The herpes zoster phase has its primary seat in a posterior root ganglion. It may spread locally, involving adjoining nerves in the case of the Gasserian ganglion; but its main and normal extension is along the sensory nerves to fibrous tissue covered by epithelium, where it reverts to the varicella phase. It there produces nodules, usually with vesication, sometimes accompanied by ulceration and even sloughing. The affections of the eye in herpes ophthalmicus are explained by this theory, as are those epidemics of herpes zoster unaccompanied by varicella.
